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Abstract
Objective: To review host response in periodontitis with respect to cellular
composition of lesions, T cell receptor (TCR) gene expression, cytokine profiles of
T-helper (Th) cells and autoimmune components.

Material and methods: The studies included were confined to human material
(biopsies, gingival crevicular fluid, blood from subjects with periodontitis).

Results and conclusions: In periodontitis lesions, plasma cells are the most common
cell type and represent about 50% of all cells, while B cells comprise about 18%.
The proportion of B cells is larger than that of T cells and Th cells occur in larger
numbers than T cytotoxic cells. Polymorphonuclear cells and macrophages are
found in fractions of less than 5% of all cells. Lesions in aggressive and chronic
forms of periodontitis exhibit similar cellular composition. Differences in disease
severity, however, may reflect increases in plasma cell and B cell densities.
B cells serve as important antigen-presenting cells in periodontitis. The
periodontitis lesion expresses a unique TCR gene repertoire that is different from
that in blood. The role of superantigens in periodontitis is unclear. There are few
studies using comparative designs and unbiased quantitative methods regarding
Th-1 and Th-2 cells in periodontitis. The relative dominance of B cells and plasma
cells in periodontitis lesions cannot entirely be explained by enhanced Th-2
functions but maybe because of an imbalance between Th-1 and Th-2. Autoimmune
reactions are evident in periodontitis lesions. The role of auto-antibodies in the
regulation of host response in periodontitis, however, needs to be clarified.
Auto-reactive B cells occur in larger proportions in subjects with periodontitis than
in healthy controls.
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Mechanisms of host response in the
periodontal tissues are complex and
involve numerous systems of inter-
actions. While the innate host response
is characterized by non-specific reac-
tions, the adaptive response utilizes
strategies of recognition, memory and
binding to support the effector systems
in the elimination of challenging
elements. While there is no doubt
that the innate response is fundamen-
tal in periodontitis and is involved in
the regulation of adaptive immune
response, it is nevertheless covered else-
where (Madianos et al. 2005, Shapira
et al. 2005).

Parts of the adaptive host response in
periodontitis are outlined in Fig. 1. In

this schematic drawing different areas
may be recognized; (i) the nature of
the lymphocyte type (T and B cells),
(ii) antigen recognition by T cell recep-
tors (TCRs), (iii) cytokine profiles of
T helper (Th) cells and (iv) autoimmune
reactions that may influence the adap-
tive host response in periodontitis. In
the current review these different areas
are discussed. The studies included in
the review are confined to human mate-
rial (gingival biopsies, gingival crevi-
cular fluid (GCF), peripheral blood)
sampled from subjects with perio-
dontitis. Main search terms included
‘‘periodontitis’’, ‘‘periodontal disease’’.
Specific search terms were added for
each section reviewed.

Phenotypic Characteristics of
Inflammatory Cells in Periodontitis
Lesions

The periodontitis lesion is characterized
by large proportions of inflammatory
cells and vascular structures. Studies,
in which the morphological and pheno-
typic characteristics of the inflammatory
cells are described, are reported in Table
1. The specific search terms applied in
this section were ‘‘biopsy, cells, pheno-
type, histopathology, immunohistochem-
istry, inflammatory cells, and lesion’’.

Although the criteria for the diagnosis
periodontitis and techniques used for the
cell detection vary between studies, it is
evident that plasma cells and lympho-
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cytes dominate among cells in the
lesions. Lindhe et al. (1980) applied
stereological techniques and morpholo-
gical criteria of cells to assess the com-
position of inflammatory infiltrates in
gingival tissues obtained from 22 sub-
jects with advanced periodontitis. It was
reported that plasma cells occupied 31%
of the lesion volume, while the propor-
tion of lymphocytes varied between 5%
and 10%. Macrophages and polymor-
phonuclear (PMN) cells were found in
densities of 1–2% and fibroblasts in 5%.
In other words, the volume occupied by
plasma cells was three times larger than
the proportion of lymphocytes. Other
inflammatory cells occurred only in
small numbers. Similar findings were
reported from studies in which morpho-
logical/stereological techniques were
utilized (Liljenberg & Lindhe 1980,
Passo et al. 1988, Zappa et al. 1991,
Liljenberg et al. 1994, Berglundh et al.
1998).

The majority of studies describing
cellular characteristics of periodontitis
have applied immuno-fluorescence or
immunohistochemical techniques. Early
reports distinguished lymphocytes into
T and B cells, while later studies
included also the various T cell subpo-
pulations. Mackler et al. (1977) col-
lected gingival tissues from five
subjects and reported that specimens
representing periodontitis, in contrast
to healthy or gingivitis samples,

contained substantial numbers of immu-
noglobulin (IgG, IgM)-bearing lympho-
cytes and plasma cells. Seymour &
Greenspan (1979) analysed 12 biopsies
of patients with chronic periodontitis
(CP) and found that the majority of
lymphocytes in the lesions had the B
cell phenotype and were positive for
IgM and IgG. Charon et al. (1981) and
Okada et al. (1983) analysed gingival
biopsies from patients with advanced
periodontitis. It was reported that plas-
ma cells dominated the lesions, that T
cells and macrophages were present,
while PMN cells were few. In a study
comparing suppurating and non-suppur-
ating periodontitis lesions, Passo et al.
(1988) found that in both types of
lesions plasma cells and lymphocytes
predominated. The authors stated that
the majority of lymphocytes were B
cells and, within the group of T cells,
Th cells outnumbered T cytotoxic cells.
Cobb et al. (1989) compared inflamma-
tory cell infiltrates obtained from CP,
gingivitis and healthy gingival tissues. T
and B lymphocytes occurred in larger
numbers in diseased than in healthy
sites, while only small differences
were found between the periodontitis
and healthy tissue specimens regarding
the number of NK cells. The findings
that B cells occur in larger numbers than
T cells in periodontitis lesions are not
consistent in all studies. Mödeer et al.
(1990) analysed biopsies obtained from

adolescents with early signs of perio-
dontitis and reported that T cells domi-
nated in the inflammatory cell infiltrates.
Berglundh et al. (1998) found similar
proportions of T and B cells in gingival
biopsies obtained from 21 subjects with
advanced periodontitis.

Progress in the development of
immunohistochemical markers made it
possible to obtain more detailed infor-
mation of lymphocytes in periodontitis
lesions, and, hence, phenotypic charac-
terization of cells was performed paral-
lel to assessments of additional features
of the cells such as receptor and memory
functions (Gemmell et al. 1992, 2001,
Yamazaki et al. 1993, Lappin et al.
1999). Yamazaki et al. (1993) reported
that Th cells (CD41) in periodontitis
lesions frequently exhibited memory
(CD45RO1) characteristics and that B
cells to a varying extent were positive to
early (CD231) or late (CD251) mar-
kers of activation.

Antigen-presenting cells (APCs) in
periodontitis lesions

Several cells serve as APCs. Langerhans
cells, macrophages and dendritic cells
are professional APCs and contribute to
antigen recognition and early response
mechanisms in host defence. B cells are
also capable of serving as APCs and
express class II antigens upon stimula-
tion and use the capacity of their mem-
ory systems in antigen presentation. Co-
stimulatory molecules associated with
APC–TCR interactions in periodontitis
were investigated by Gemmell et al.
(2001). It was reported that the propor-
tion of T cells positive for the co-
stimulatory signal receptor (CD281)
increased with increasing percentage of
B cells. Further, cells expressing the
natural ligand B7-2 (CD861) occurred
in larger numbers than cells with B7-1
(CD801). This may indicate that there
is a more pronounced Th2 than Th1
response in periodontitis. Orima et al.
(1999) in a similar study reported on
the presence of not only CD801 and
CD861 cells, but also the co-stimulatory
molecules, CD40 and CD40L. Maha-
nonda et al. (2002) observed a signifi-
cant up-regulation of CD86 and the
dendritic cell-marker CD83 on B cells
in periodontitis lesions. The authors
suggested that B cells may serve as
potent APCs in the immune response
of periodontal disease. The role of B
cells as APCs was also described in
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Fig. 1. Schematic outline of regulatory components of adaptive host response in perio-
dontitis.
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study on gingival biopsies obtained
from 25 subjects with periodontitis
(Gemmell et al. 2002). In the largest
lesions, the B cell group was the pre-
dominant type of APCs. It was sug-
gested that B cell antigen presentation
may allow further activation and clonal
expansion of already activated T cells.

Progressive lesions

Attempts were also made to characterize
‘‘active’’ periodontitis lesions, i.e. sites
that exhibit a recent history of attach-
ment loss. Zappa et al. (1991) found
larger proportions of plasma cells, lym-
phocytes and total numbers of inflam-
matory cells in gingival specimens
prepared from ‘‘progressive’’ sites than
in sites with no history of attachment
loss. Different results were reported by
Reinhardt et al. (1988), who classified
sites that demonstrated attachment loss
X2 mm within the past 3 months as
‘‘active’’. Soft-tissue biopsies from
‘‘active’’ and stable periodontitis sites
as well as from healthy sites were col-
lected. It was reported that the ‘‘active’’
lesions had larger proportions of differ-
ent T cell subpopulations than healthy
tissues, while B cells were more pre-
valent in ‘‘active’’ than in stable sites.
Liljenberg et al. (1994) compared perio-
dontitis lesions collected from active
sites (history of attachment loss 42 mm
at three sites or more) and inactive sites
in a group of eight subjects with ad-
vanced periodontitis. Biopsies were also
obtained from diseased sites in a group
of 11 subjects who had no signs of atta-
chment loss. Both T and B cells were
found in larger proportions in active
than in inactive sites. No differences
were found between the lesions from
the inactive sites of the eight subjects
and the specimens produced from the 11
subjects with no attachment loss. In this
context it is interesting to note that in
studies evaluating periodontitis lesions
before and after non-surgical therapy,
both T- and B-cell densities declined
after treatment (Berglundh et al. 1999,
Kleinfelder et al. 2001).

Aggressive periodontitis

The above reported findings were based
on analysis of samples obtained from
subjects with adult/chronic periodontitis
(AP). Several studies described tissues
from other forms of periodontitis, e.g.
early onset (aggressive) periodontitis

(EOP) including juvenile (JP) and pre-
pubertal (PP) forms and rapidly progres-
sive periodontitis (RPP). In a compara-
tive study on JP and AP lesions,
Liljenberg & Lindhe (1980) reported
that plasma cells dominated in both
types of infiltrates and that the propor-
tion of lymphocytes was significantly
larger in the specimens representing
AP. In a similar type of investigation,
Gillett et al. (1986) stated that more than
50% of cells in JP lesions were plasma
cells. The cellular composition in AP,
however, varied considerably between
subjects and plasma cells represented
about 30% of cells. Joachim et al.
(1990) in a study on JP and AP lesions
also identified plasma cells in large
numbers and observed that the cell
count increased with disease severity.
The authors further reported that signs
of degeneration of plasma cells were
more conspicuous in sections from JP
than from AP. Kleinfelder et al. (2001),
who used different markers to identify
plasma cells, B cells and memory
T cells, failed to demonstrate differ-
ences in cell composition in adult
periodontitis and EOP lesions. Lappin
et al. (1999), however, reported that
the proportion of B cells was larger
and the T cell percentage smaller in
AP than in EOP sites. In addition,
Berglundh et al. (2001) compared the
composition of gingival lesions from
21 subjects with AP and six children
with localized aggressive periodon-
titis (LAP). Stereological assessments
and immunohistochemical analysis re-
vealed that lymphocytes and B cells
in particular, occupied significantly
larger volume fractions in LAP than in
AP lesions.

Some features of the previously re-
cognized disease entity RPP were also
investigated. Çelenligil et al. (1993)
analysed gingival specimens from 16
subjects with RPP. IgG-positive plasma
cells dominated and Th (CD41) and T
cytotoxic (CD81) cells occurred in al-
most similar numbers. Hillmann et al.
(2001) studied RPP in relation to AP.
They collected gingival biopsies from
10 RPP patients and five AP patients
and reported that both types of speci-
mens contained large proportions of
plasma cells and B cells and that the
total number of inflammatory cells was
higher in RPP than in AP. It was con-
cluded that the inflammatory process
regarding number of inflammatory cells
and the amount of tissue destruction was
stronger in RPP than in AP.

Summary

The reported findings regarding differ-
ent cell proportions in AP are virtually
consistent, while larger differences
are found in studies on aggressive forms
of periodontitis. The overall distribu-
tion of inflammatory cells in perio-
dontitis lesions is presented in Fig. 2.
Plasma cells are the most common cell
type and represent about 50% of cells,
while B cells comprise about 18%. The
proportion of B cells is larger than that
of all T cells and Th cells occur in larger
numbers than T cytotoxic cells. PMN
cells and macrophages are found in
fractions of less than 5% of all cells.

Lesions in aggressive and chronic
forms of periodontitis exhibit similar
features with respect to cellular compo-
sition. Differences in disease severity,
however, may in both forms of perio-
dontitis affect plasma cell and B cell
densities.

Both T cells and B cells express co-
stimulatory molecules and contribute to
antigen recognition and cell activation.
B cells serve as important APCs in
periodontitis.

TCRs

Host response to antigenic challenges in
periodontitis includes specific immune
reactions in which the TCR interacts
with the processed antigen of APCs.
The TCR consists of two polypeptide
chains including variable (V) segments

Plasma cells

B cells

T helper

T cytotoxic

PMN Mæ

Other

Fig. 2. Distribution of cell proportions in
periodontitis lesions calculated from studies
reported in Table 1. Plasma cells, B cells,
T helper, T cytotoxic, polymorphonuclear
(PMN) cells, macrophages (Mf) and other
cells (e.g. mast cells, fibroblasts, unidenti-
fied cells).

Adaptive host response in periodontitis 89



T
a
b
le

1
.

P
h
en

o
ty

p
ic

ch
ar

ac
te

ri
st

ic
s

o
f

ce
ll

s
in

p
er

io
d
o
n
ti

ti
s

le
si

o
n
s

R
ef

er
en

ce
P

er
io

d
o
n
ta

l
d
ia

g
n
o
si

s
S

am
p
le

T
ec

h
n
iq

u
e

R
es

u
lt

s

M
ac

k
le

r
et

al
.

(1
9
7
7
)

F
iv

e
p
at

ie
n
ts

o
f

v
ar

io
u
s

ag
e

an
d

se
x

G
in

g
iv

al
b
io

p
si

es
cl

in
ic

al
ly

n
o
rm

al
,

m
il

d
g
in

g
iv

it
is

,
p
er

io
d
o
n
ti

ti
s

Im
m

u
n
o
fl

u
o
re

sc
en

ce
H

ig
h
er

co
n
ce

n
tr

at
io

n
o
f

ly
m

p
h
o
cy

te
s

an
d

p
la

sm
a

ce
ll

s
(I

g
G

an
d

Ig
M

)
in

p
er

io
d
o
n
ti

ti
s

b
io

p
si

es
co

m
p
ar

ed
w

it
h

n
o
rm

al
h
ea

lt
h
y

b
io

p
si

es

S
ey

m
o
u
r

&
G

re
en

sp
an

(1
9
7
9
)

P
at

ie
n
ts

w
it

h
ch

ro
n
ic

p
er

io
d
o
n
ta

l
d
is

ea
se

T
w

el
v
e

b
io

p
si

es
.

S
it

es
sc

h
ed

u
le

d
fo

r
su

rg
er

y
w

it
h

P
P

D
4
–
8

m
m

an
d

B
o
P

1

Im
m

u
n
o
h
is

to
ch

em
is

tr
y

Im
m

u
n
o
fl

u
o
re

sc
en

ce
M

aj
o
ri

ty
o
f

th
e

ly
m

p
h
o
cy

te
s

h
ad

th
e

p
h
en

o
ty

p
e

o
f

B
ce

ll
s

an
d

w
er

e
p
o
si

ti
v
e

fo
r

Ig
M

an
d

Ig
G

L
in

d
h
e

et
al

.
(1

9
8
0
)

T
w

en
ty

-t
w

o
p
at

ie
n
ts

w
it

h
ad

v
an

ce
d

p
er

io
d
o
n
ta

l
ti

ss
u
e

d
es

tr
u
ct

io
n
,

w
it

h
P

P
D

8
an

d
5
0
%

b
o
n
e

lo
ss

In
ea

ch
p
at

ie
n
t,

si
x

si
te

s
w

er
e

se
le

ct
ed

re
p
re

se
n
ti

n
g

ad
v
an

ce
d

d
is

ea
se

,
es

ta
b
li

sh
ed

g
in

g
iv

it
is

an
d

‘‘
h
ea

lt
h
y
’’

g
in

g
iv

a

M
o
rp

h
o
m

et
ri

c
an

al
y
si

s.
F

o
r

ea
ch

b
io

p
sy

n
u
m

er
ic

al
d
en

si
ty

(N
v
)

an
d

v
o
lu

m
et

ri
c

d
en

si
ty

(V
v
)

o
f

ce
ll

s
w

er
e

ca
lc

u
la

te
d

P
er

io
d
o
n
ti

ti
s

le
si

o
n
:

3
1
%

p
la

sm
a

ce
ll

s,
5
–
1
0
%

ly
m

p
h
o
cy

te
s,

5
%

fi
b
ro

b
la

st
,

1
.3

%
m

ac
ro

p
h
ag

es
,

1
.3

N
eu

tr
o
p
h
il

s
G

.,
1
1
%

co
ll

ag
en

.
In

th
e

g
in

g
iv

it
is

le
si

o
n

th
e

ra
ti

o
ly

m
p
h
o
cy

te
s-

p
la

sm
a

ce
ll

s
w

as
1
:1

,
in

th
e

p
er

io
d
o
n
ti

ti
s

w
as

1
:3

L
il

je
n
b
er

g
&

L
in

d
h
e

(1
9
8
0
)

E
ig

h
t

ju
v
en

il
e

p
er

io
d
o
n
ti

ti
s,

se
v
en

p
o
st

-j
u
v
en

il
e

p
er

io
d
o
n
ti

ti
s,

se
v
en

ad
u
lt

p
er

io
d
o
n
ti

ti
s

B
io

p
si

es
fr

o
m

d
is

ea
se

d
si

te
s

w
it

h
P

P
D

>
8

m
m

,
an

d
>

5
0
%

o
f

b
o
n
e

lo
st

M
o
rp

h
o
m

et
ri

c
an

al
y
si

s
T

h
e

IC
T

o
f

al
l

g
in

g
iv

al
u
n
it

s
fr

o
m

th
e

th
re

e
ca

te
g
o
ri

es
o
f

p
at

ie
n
ts

w
as

ch
ar

ac
te

ri
ze

d
b
y

h
ig

h
p
la

sm
a

ce
ll

d
en

si
ty

;
b
et

w
ee

n
5
6
.8

%
an

d
8
4
%

o
f

al
l

ce
ll

s
w

er
e

P
la

sm
a

ce
ll

s.
P

ro
p
o
rt

io
n

o
f

ly
m

p
h
o
cy

te
s

w
as

sm
al

l
in

ju
v
en

il
e

an
d

p
o
st

-j
u
v
en

il
e

se
ct

io
n
s

(2
.6

n
.,

0
.9

v
.)

b
u
t

la
rg

er
in

th
e

ad
u
lt

p
er

io
d
o
n
ti

ti
s

g
ro

u
p

C
h
ar

o
n

et
al

.
(1

9
8
1
)

F
if

te
en

p
at

ie
n
ts

3
0
–
8
8

y
ea

r-
o
ld

w
it

h
ad

v
an

ce
d

p
er

io
d
o
n
ta

l
d
is

ea
se

B
io

p
si

es
fr

o
m

b
o
th

d
is

ea
se

d
an

d
h
ea

lt
h
y

si
te

s
an

d
b
lo

o
d

sa
m

p
le

s
fr

o
m

ea
ch

p
at

ie
n
t

Im
m

u
n
o
h
is

to
ch

em
is

tr
y

T
h
e

p
la

sm
a

ce
ll

d
o
m

in
at

ed
in

th
e

p
er

io
d
o
n
ti

ti
s

le
si

o
n
.

T
h
e

p
re

se
n
ce

o
f

T
ce

ll
s

an
d

ac
ti

v
at

ed
m

ac
ro

p
h
ag

es
in

d
ic

at
ed

th
at

b
o
th

h
u
m

o
ra

l
an

d
ce

ll
-m

ed
ia

te
d

re
sp

o
n
se

s
ar

e
o
p
er

at
iv

e
in

h
u
m

an
ch

ro
n
ic

p
er

io
d
o
n
ti

ti
s

O
k
ad

a
et

al
.

(1
9
8
3
)

P
at

ie
n
ts

w
it

h
ad

v
an

ce
d

p
er

io
d
o
n
ti

ti
s

(2
9
–
5
5

y
ea

rs
o
f

ag
e)

B
io

p
si

es
fr

o
m

si
te

s
w

it
h

P
P

D
X

5
m

m
an

d
ev

id
en

ce
o
f

b
o
n
e

d
es

tr
u
ct

io
n

Im
m

u
n
o
h
is

to
ch

em
is

tr
y

O
n
ly

fe
w

P
M

N
s

w
er

e
o
b
se

rv
ed

.
P

la
sm

a
ce

ll
s

p
re

d
o
m

in
at

ed
in

th
e

ce
n
tr

al
p
o
rt

io
n

o
f

th
e

la
m

in
a

p
ro

p
ri

a,
w

it
h

th
e

p
ro

p
o
rt

io
n
s

p
o
si

ti
v
e

fo
r

Ig
G

,
Ig

A
an

d
Ig

M
ac

co
u
n
ti

n
g

fo
r

6
5
.2

%
1
1
.2

%
an

d
1
.3

%
o
f

th
e

to
ta

l
in

fi
lt

ra
ti

n
g

ce
ll

s

G
il

le
tt

et
al

.
(1

9
8
6
)

T
h
re

e
g
ro

u
p
s:

ch
il

d
h
o
o
d

g
in

g
iv

it
is

,
ju

v
en

il
e

p
er

io
d
o
n
ti

ti
s,

ch
ro

n
ic

ad
u
lt

p
er

io
d
o
n
ti

ti
s

T
w

o
b
io

p
si

es
ch

il
d
h
o
o
d

g
in

g
iv

it
is

,
1
2

ch
ro

n
ic

ad
u
lt

p
er

io
d
o
n
ti

ti
s,

si
x

ju
v
en

il
e

p
er

io
d
o
n
ti

ti
s

Im
m

u
n
o
h
is

to
ch

em
is

tr
y
,

m
o
n
o
cl

o
n
al

an
ti

b
o
d
y
-H

L
A

D
r

In
ju

v
en

il
e

p
er

io
d
o
n
ti

ti
s

b
io

p
si

es
,
4

5
0
%

o
f

th
e

ce
ll

s
w

er
e

p
la

sm
a

ce
ll

s.
L

es
io

n
s

in
ch

ro
n
ic

ad
u
lt

p
er

io
d
o
n
ti

ti
s

w
er

e
d
o
m

in
at

ed
b
y

ly
m

p
h
o
cy

te
s

H
L

A
D

r1
(B

ce
ll

s)
an

d
p
la

sm
a

ce
ll

s

P
as

so
et

al
.

(1
9
8
8
)

A
d
v
an

ce
d

ch
ro

n
ic

p
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b
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b
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b
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p
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p
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p
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p
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p
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h
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p
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p
p
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p
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p
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p
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ra
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ra
ti

o
w

as
al

so
si

g
n
ifi

ca
n
tl

y
lo

w
er

in
ac

ti
v
e

th
an

st
ab

le
b
io

p
si

es
(p
o

0
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g
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g
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P
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h
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p
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p
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p
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p
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p
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p
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p
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ll

s
(L

eu
-7

an
d
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e
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p
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p
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p
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p
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p
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p
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p
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p
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d
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p
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p
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p
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p
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p
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p
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p
h
o
cy

te
s

an
d

to
ta

l
in

fl
am

m
at

o
ry

ce
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p
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b
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p
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p
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u
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ra

p
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b
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h
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p
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h
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b
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p
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p
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h
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b
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h
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p
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e
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p
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p
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d
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resembling those in Fab fragments of
immunoglobulins. While the major part
(495%) of T cells in peripheral blood
exhibit the TCR V a and b chain, the
remaining fraction contains the g/d type.
Although the g/d type has been identi-
fied in periodontitis, it is highly likely
that the bulk of antigen recognition is
through the a/b TCR. Further, the
a/bTCR, in contrast to the g/d type,
can recognize processed antigens in con-
junction with the class II molecule of
APCs. Alternatively, a distinct group of
antigens, called super-antigens, binds to
the outer surface of the class II molecule
and the V b gene of the TCR. Different
microorganisms produce super-antigens
and via the binding to certain parts of
the V b gene substantial proportions of
T cells may be activated. The role of
super-antigens in relation to perio-
dontitis is unclear and conflicting results
have been presented (Zadeh & Kreutzer
1996, Karimzadeh et al. 1999, Yamaza-
ki et al. 2000, Gao &Teng 2002).

Different expressions of the TCR V
a/b phenotype have been observed in
autoimmune diseases, such as multiple
sclerosis and rheumatoid arthritis (RA)
(Oksenberg et al. 1990, Sottini et al.
1991, Bröker et al. 1993) and in oral
diseases like oral lichen planus lesions
(Simark-Mattsson et al. 1994). A biased
expression of TCR V a/b genes was also
demonstrated in periodontal disease and
relevant studies are reported in Table 2.
Most studies included subjects with AP
while aggressive (EOP, PP, JP) forms
were included in only a few studies. The
specific search terms included T cell-
receptors, TCR, T cells, V a/b pheno-
type, V a/b gene.

Nakajima et al. (1996) examined 20
patients with moderate to advanced
adult periodontitis and nine subjects
with gingivitis with respect to expres-
sion of different TCR V a/b genes in
gingival tissues and peripheral blood
(PBL). It was reported that cells expres-
sing the V b5 gene subfamily and the V
b6.7 gene outnumbered the remaining
cells in gingival tissues from both the
gingivitis and the periodontitis group
and that there was a discrepancy
between PBL and the gingival tissues
regarding proportions of TCR genes.
Yamazaki et al. (1996), who applied
PCR techniques to determine the occur-
rence of 22 V b gene families in 14
subjects with adult periodontitis, also
reported on a different expression of V
b genes in gingival tissue cells and in
peripheral blood mononuclear cells

(PBMC). The finding that the TCR
repertoire is different in periodontis
lesions and in peripheral blood of adult
periodontitis subjects is consistent in
most studies (Geatch et al. 1997, Ber-
glundh et al. 1998, 1999, 2001, Karim-
zadeh et al. 1999, Ohsawa et al. 2000,
Yamazaki et al. 2000, 2001, 2002, Gao
& Teng 2002) and indicates that the
TCR expression in the periodontitis
lesion is unique and involves a restricted
number of V bgene families. Zadeh &
Kreutzer (1996) in study on gingival
biopsies obtained from eight subjects
with adult periodontitis, concluded that
two or three V b gene families account
for all T cells in periodontitis lesions.
Thus, Geatch et al. (1997) in a study on
24 periodontitis patients restricted their
DNA sequencing analysis to the V b2, V
b6 and V b8 genes and Karimzadeh
et al. (1999) in a similar study, reported
that T cells in periodontitis lesions
exhibited larger fractions of V b5.2, V
b6 and V b9. On the other hand, (Gem-
mell, et al. 1997) found that with the
exception of the V b13 gene, several of
V b3, V b5 and V b6 gene families
occurred in larger proportions in cells
from gingivitis/healthy tissues than in
cells from periodontitis sites.

A different distribution of TCR V
bgenes in periodontitis lesions was
described by Berglundh et al. (1998).
They analysed gingival biopsies and
PBMC from 21 subjects with advanced
adult periodontitis and found that the V
b17 was the most frequent TCR marker
in the lesions followed by V b5, V b8
and V b13 gene families. In addition, the
TCR V a/b expression of PBMC in the
periodontitis subjects was similar to that
in healthy controls. In a subsequent study
from the same group (Berglundh et al.
1999) changes in the TCR repertoire
following non-surgical periodontal ther-
apy were analysed. It was demonstrated
that between baseline and 2 years follow-
ing therapy there was marked decrease in
TCR expression in gingival lesions,
while no changes in the distribution of
TCR genes occurred within PBMC.

Further characterization of TCR
genes in periodontitis revealed sequence
heterogeneity within V b genes (Geatch
et al. 1997) as well as selective expan-
sion of T cells in gingival lesions
(Yamazaki et al. 2000). The latter find-
ing was interpreted to indicate that
infiltrating T cells recognize a limited
number of antigens in periodontitis.
Additional support for a role of infiltrat-
ing T cell clones in periodontitis lesions

was presented by Yamazaki et al.
(2002). They isolated T cells from gin-
gival biopsies and PBMC of 16 subjects
with moderate to severe CP and from
PBMC obtained from 10 healthy con-
trols. It was reported that the prolifera-
tive response to heat-shock protein 60s
(hsp60s) of PBMC T cells was higher in
periodontitis patients than in controls.
Nucleotide analysis of TCR genes
demonstrated similar expression in gin-
gival T cells and in PBMC of perio-
dontitis patients. This finding suggests
that hsp60s-reactive T cells occur in
periodontitis lesions and, thus, contri-
bute to autoimmune reactions. In this
context the finding that also NK-T cells
exhibit certain TCR markers is interest-
ing. Yamazaki et al. (2001) reported that
periodontitis lesions contain larger pro-
portions of V a24 NK-T cells than
gingivitis lesions. The authors suggested
that V a 24 NK-T cells are recruited in
order to down-regulate autoimmune
reactions in periodontitis.

The variation in expression of V b
genes in periodontitis lesions has also
been related to differences in the com-
position of the subgingival microflora.
Mathur et al. (1995) isolated PBMC T
cells from 12 patients with EOP and 11
healthy controls. Co-culture with Pre-
votella intermedia resulted in up-regu-
lated expression of V ab2, V b5 and V
b6, and it was suggested that periodon-
titis-associated bacteria may influence
TCR V a/b expression in periodontitis.
A similar explanation was suggested by
Berglundh et al. (2001), who compared
the local and systemic TCR V a/b
expression in 11 subjects with localized
aggressive periodontitis and in 21 sub-
jects with CP. It was reported that no
differences were observed regarding the
TCR repertoire in PBMC, while a dif-
ferent distribution of V a/b genes was
detected in the periodontitis lesions. In
comprehensive analysis on TCR genes
in four patients with localized JP (LJP),
Gao & Teng (2002) reported that no
differences between subjects was seen
regarding the TCR expression of
PBMC. In T cells from gingival tissues,
however, few dominant genes of V a/b
genes were shared. It was suggested that
T cells in LJP patients respond to a
limited number of antigens.

Summary

TCR V a/b expression in peripheral
blood samples of subjects with perio-
dontitis does not differ from that of
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healthy individuals. The periodontitis
lesion expresses a unique TCR reper-
toire that is different from that in
PBMC. In the lesion various V b genes
seem to be dominating and the reported
variation may be related to differences
in the severity of the disease, or in the
composition of the subgingival micro-
biota. The role of superantigens in
periodontitis is unclear. While early
reports suggested a possible influence
of superantigens in periodontitis, results
from recent studies questioned the valid-
ity of this hypothesis. It has been
reported that a certain group of V b
genes are expressed in periodontitis
lesions and that such T cells respond
to a restricted number of antigens.

Cytokine Profiles of Th Cells in
Periodontitis

Activation of Th cells results in the
production of various cytokines. Th
cells are divided into Th-1 (Th-1) and
Th-2 (Th-2) cells according to their
cytokine profiles (Table 3). Th-1 cells
produce IL-2 and IFN-g, while Th-2
cells produce a wider range of cytokines
including IL-4, IL-5, IL-6, IL-10 and IL-
13. Th-1 cytokines stimulate effector T
cells, i.e T cytotoxic (CD81) cells and
to some extent B cells. Th-2 cytokines,
however, are in most respects directed
towards B cells. As the majority of cells
(about 65–70%; Fig. 2) in periodontitis
lesions are B cells or plasma cells, it is
reasonable to assume that Th-2 cells and
related cytokines dominate over Th-1
cells in periodontitis. Results from stu-
dies evaluating cytokine profiles of Th
cells in periodontitis are reported in
Table 4. Only CD41 cells were consid-
ered and the following specific search
terms were used: ‘‘cytokine, Th 1, Th 2,
Th-1, Th-2, IFN-g, IL-2, IL-4, IL-5, IL-6,
IL-10, IL-13’’.

Fujihashi et al. (1996) collected gin-
gival biopsies from 20 patients with
adult periodontitis. CD41 cells were
isolated and reverse transcriptase poly-
merase chain reaction (RT-PCR) tech-
niques were used to detect the presence
of cytokines. It was reported that gingi-
val Th cells expressed cytokines char-
acteristic for both Th-1 and Th-2. The
occurrence of IL-2 and IL-4 was rare,
while IFN-g and IL-6 were detected in
CD4 cells of almost all patients. Similar
findings were reported by Prabhu et al.
(1996) who failed to demonstrate differ-
ences in cytokine profiles for Th-1 and
Th-2 cells in gingival lesions or periph-Y
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eral blood of periodontitis patients. Dif-
ferent results were reported by Tokoro
et al. (1997). They used in situ hybridi-
zation-based techniques on gingival
biopsies from 13 periodontitis patients
and five subjects with gingivitis or
healthy sites. The density of cells posi-
tive for several cytokines associated
with Th-2, i.e. IL-4, IL-5 and IL-6,
was higher in periodontitis specimens
than in control tissues. IL-2 producing
cells, however, were scarce in both
periodontitis and gingivitis samples,
and it was suggested that Th-2 domi-
nates over Th-1 in periodontitis lesions.
Cells identified in relation to the various
cytokines in the study by Tokoro et al.
(1997), however, were not tested with
respect to any Th cell marker (CD4).
Such markers were, on the other hand,
used by Yamamoto et al. (1997). They
isolated CD41 cells from gingival tis-
sues sampled from periodontitis patients
and used RT-PCR to identify cytokine
mRNA expression. While IL-2, IL-4
and IL-5 were not detected, IFN-g, IL-
6, IL-13 and to a less extent IL-10 were
expressed in most cases. As only one
Th-1-related and two to three Th-2-
related cytokines were expressed by
the isolated CD41 cells, it was con-
cluded that Th-2 functions dominates in
periodontitis. The finding by Yamamoto
et al. (1997) that no IL-4 expression was
detected was in part consistent with data
presented by Yamazaki et al. (1997).
They collected peripheral blood samples
and gingival biopsies from 17 perio-
dontitis patients. RT-PCR was applied
without a restriction to CD41 cells. It
was reported that the IL-4 expression
was weak in gingival tissues. In addi-
tion, IFN-g expression was more pro-
nounced by PBMC than gingival tissues,
while a reverse relationship was found
for IL-10. The expression of IL-13 was
similar in the two sample sources. The
findings were interpreted to indicate a
larger contribution of Th-2 than Th-1
function in periodontitis.

As reported above, the interpretation
of results is in some respects difficult,
and, thus, no distinct difference between
Th-1 and Th-2 cytokine profiles may be
distinguished in periodontitis lesions.
Gemmell & Seymour (1998) collected
gingival biopsies from periodontitis
patients and from control subjects with
healthy/gingivitis conditions. Dual-col-
our flow cytometry analysis revealed
that there were no differences between
the proportions of CD41 cells expres-
sing IFN-g, IL-4 or IL-10. Gemmell

et al. (1999) evaluated cytoplasmatic
cytokines of P. gingivalis-specific T
cells established from peripheral blood
from periodontitis patients and healthy
controls. The majority of the control
subjects had higher proportion of IFN-
g1 cells, while five out of 10 perio-
dontitis patients had higher proportions
of IL-41 and IL-101 cells. Nakajima et
al. (1999) reported that mRNA for IFN-
g and IL-13 in PBMC was up-regulated,
whereas IL-4 and IL-10 expression was
down-regulated following stimulation of
Porphyromonas gingivalis. Thus, the
differences with respect to enhanced or
decreased expression of cytokines
involved both Th-1 and Th-2 cells.

Dominance for Th-1-related cyto-
kines in periodontitis was suggested by
Takeichi et al. (2000). They isolated
gingival mononuclear cells (GMC)
from periodontitis patients and healthy
controls. The proportion of cells expres-
sing mRNA for IFN-g and IL-2 was
significantly higher in periodontitis
than in healthy subjects and IFN-g was
the most common mRNA cytokine
detected in the study. Bickel et al.
(2001) collected gingival biopsies from
sites representing progressive perio-
dontitis, chronic but stable periodontitis
and healthy sites. The most pronounced
expression of IFN-g was found in pro-
gressive sites, whereas the expression of
IL-2 was strongest in healthy sites.
Further, Gorska et al. (2003) compared
cytokine expression in gingival tissues
and peripheral blood, sampled from 25
periodontitis patients and 25 healthy
subjects. The frequency of IL-41 and
IL-101 samples was higher in healthy
than in diseased gingival tissues, while
high concentrations of IFN-g and IL-2
correlated with severity of periodontitis.

There are also reports on a similar
contribution of Th-1 and Th-2 cytokines
in periodontitis. Salvi et al (1998) col-
lected GCF, gingival biopsies and per-
ipheral blood from eight patients with
CP and from eight patients with EOP.
Although Th-1 cytokines dominated
over Th-2 mediators in GCF of both
groups, the analysis of the limited mate-
rial of mRNA expression of GMC did
not favour any of the Th-1 and Th-2
cytokine profiles. Berglundh et al.
(2002a, b) analysed gingival biopsies
obtained from 22 subjects with severe
CP. An immunohistochemical double
staining technique was used to identify
cytoplasmatic occurrence of Th-1- and
Th-2-related cytokines in CD41 cells.
Stereologic quantification of cells posi-

tive for the different double markers was
performed and no differences in the
proportion of cells representing the two
Th cell categories were identified. Suar-
ez et al. (2004) investigated the expres-
sion of cytokines of T cells in gingival
tissues prepared from 10 patients with
aggressive periodontitis and 10 healthy
controls. A constant expression of IFN-g
and IL-2 was found in all samples. IL-5
and IL-10 were found in the majority of
healthy specimens but not in the sam-
ples from the periodontitis group,
whereas IL-13 was only detected in the
healthy sites.

Lappin et al. (2001) reported that in
periodontitis lesions there were larger
proportions of cells expressing IL-4 and
IL-6 than cells expressing either IL-2 or
IFN-g. They analysed gingival tissues
from 10 EOP and 10 AP patients and
reported that IL-10 was the most fre-
quently expressed cytokine followed by
IL-6, IL-4, IFN-g and IL-2. Further
support for a Th-2 domination in perio-
dontitis was provided by Fokkema et al.
(2002), who evaluated whole blood cell
cultures stimulated by bacterial lipopo-
lysaccharides (LPS). Further, Sigusch
et al. (1998) reported on a decreased
production and mRNA expression of
Th-1-related cytokines (IFN-g and IL-
2) following mitogen stimulation.

Summary

There are few studies using comparative
designs and unbiased quantitative meth-
ods regarding Th-1 and Th-2 cells in
periodontitis lesions. Further, the inabil-
ity to diagnose disease activity makes
interpretation of all these studies diffi-
cult. Results from direct assessments in
sections and findings from analysis of
isolated CD41 cells are also conflicting.
While many studies have attempted to
determine the domination of either Th-
1- or Th-2-related cytokines, it is highly
likely that it is the balance of Th-1 and
Th-2 that is important in disease expres-
sion. The relative dominance of B cells
and plasma cells in periodontitis lesions
cannot entirely be explained by
enhanced Th-2 functions but maybe
because of an inbalance in this dynamic.

Autoimmune Components in
Periodontitis

The concept that autoimmune reactions
are involved in periodontitis is not new.
Brandtzaeg & Kraus (1965) in a study
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entitled ‘‘Autoimmunity and perio-
dontal disease’’ reported on the pre-
sence of antibody producing plasma
cells in periodontitis lesions. In later
reports the presence of auto-antibodies,
auto-reactive B cells and other autoim-
mune components in periodontitis were
described. Publications related to the
field are presented in Table 4. The
specific search terms added were ‘‘auto-
immunity, auto-antibody, auto-reactive,
anti-collagen B-1cells, CD5, IgG, IgM
and plasma cells’’.

Anti-collagen antibodies and cells

A common target for analysis of auto-
antigens was collagen type I. Ftis et al.
(1986) collected peripheral blood from
97 periodontitis patients and 57 con-
trols. The level of antibodies to collagen
type I was significantly higher in the
periodontitis patients than in the con-
trols. In contrast to this observation,
Hirsch et al. (1988) in a study on 39
periodontitis patients reported that anti-
collagen producing cells were rarely
detected in peripheral blood and levels
of anti-collagen antibodies in serum
were low. Hirsch et al. (1988) also
isolated gingival cells and found that
cells forming specific antibodies to type
I collagen were numerous in relation to
the total number of antibody-producing
cells. Corroborating data were presented
by Jonsson et al. (1991), who detected
anti-collagen type I-antibody secreting
cells in gingival tissues obtained from
15 patients with CP, and by Anusak-
sathien et al. (1992) and Rajapakse &
Dolby (2004) who found that the level
of antibodies to collagen type I was
higher in gingival tissues than in per-
ipheral blood. Anusaksathien et al.
(1992) further reported that both IgG
and IgA were found in higher concen-
trations in gingival tissue extracts than
autologous serum, while no differences
were found regarding IgM levels. The
authors suggested that anti-collagen
antibodies in gingival tissues undergo
class-switch from IgM to IgG.

GCF was also collected from perio-
dontitis sites for the detection of anti-
bodies to collagen type I. Sugawara et
al. (1992) compared anti-collagen IgG
levels in GCF and in serum in 20 perio-
dontitis patients. It was reported that the
IgG levels in GCF were slightly higher
than that in autologous sera and signifi-
cantly higher compared with levels in
sera collected from healthy control sub-
jects. Other components of the immune
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systems than antibodies have also been
associated with anti-collagen character-
istics. Wassenaar et al. (1995) analysed
T cells isolated from periodontitis lesions.
While Th (CD41) cells were found to be
reactive with collagen type I, no T cyto-
toxic (CD81) cell clones were found to
have anti-collagen characteristics. In
addition, about 80% of the CD41 cell
clones exhibited the Th 2-phenotype.

Auto-antibodies to cellular components

Although anti-collagen reactions domi-
nate in studies on autoimmunity and
periodontitis, additional targets for ana-
lysis were used. Govze & Herzberg
(1993) analysed auto-antibodies to des-
mosomal proteins in GCF and periph-
eral blood from 10 periodontitis patients
and 10 controls. The sera from the
majority of periodontitis patients show-
ed increased reactions of IgG to desmo-
somal proteins in comparison with sera
from controls. Further, anti-desmosomal
IgG in GCF sampled from diseased sites
demonstrated greater reactivity than that
of healthy sites. Another target for ana-
lysis was anti-neutrophil cytoplasmatic
antibodies (ANCA). Novo et al. (1999)
recruited two groups of subjects with auto-
immune disorders; 30 subjects with sys-
temic lupus erythematosus (SLE) and
another 30 subjects with RA. Both
groups were divided into periodontitis
and non-periodontitis subjects. The
amount of ANCA in the RA group did
not differ between patients with and
without periodontitis, while in the SLE
group significantly greater values of
ANCA were found in periodontitis
patients. The authors suggested that the
general elevated levels of different auto-
antibodies in SLE patients together with
an enhanced B cell activation in perio-
dontitis may explain the observed dif-
ferences between the groups. Another
group of auto-antibodies frequently
found in SLE patients is anti-phospho-
lipids. Schenkein et al. (2003) examined
anti-phospholipid antibodies in blood
samples from 163 healthy subjects and
from 32 patients with localized aggres-
sive periodontitis (LagP), 37 patients
with generalized aggressive periodonti-
tis (GagP) and 129 CP patients. Larger
proportions of subjects positive to anti-
phospholipid antibodies were found in
GagP and CP groups than in LagP and
healthy subjects. It was suggested that
generalized forms of periodontitis are
associated with anti-phospholipid anti-
bodies and that such antibodies may be

involved in the elevated risk for
cardiovascular disorders in periodontitis
subjects.

B-1a cells

A particular group of cells in autoim-
mune reactions are CD51B cells,
termed B-1a cells (Kantor 1991). This
group of B cells is found in large
numbers in the peripheral blood of
patients with autoimmune diseases, e.g.
RA and Sjögren’s syndrome (Burastero
et al. 1988, Youinou et al. 1988) and
produces IgM auto-antibodies as well as
antibodies to bacterial antigens, such as
LPS. While conventional B (B-2) cells
are developed from bone marrow pre-
cursors, B-1a cells are developed from
peritoneal precursor cells. Further, B-1a
cells may develop into plasma cells and
produce immunoglobulins of other
classes than IgM.

The presence of B-1a cells in perio-
dontitis patients have been demonstrated
in several reports. Afar et al. (1992) col-
lected blood samples from 18 patients
with varying severity of periodontitis
and from 16 healthy control subjects.
Flow cytometry analysis revealed that
B-1a cells occurred in significantly lar-
ger amounts in periodontitis patients
than in controls. Similar results were
reported by Berglundh et al. (2002a, b).
They analysed B-1a cells in peripheral
blood of three different groups of sub-
jects; 22 subjects with severe general-
ized CP, seven children with localized
aggressive periodontitis and 26 healthy
controls. The proportions of B-1a cells
were five to six times greater in the
periodontitis groups than in the controls
and it was stated that up to 40–50% of
all circulating B (CD191) cells were
positive to the additional marker of
CD5, i.e. the characteristics of B-1a
cells. In this context it is interesting to
note that systemic levels of B-1a cells
seem to be a marker of susceptibility to
periodontitis rather than an indicator of
the presence of the disease (Berglundh
et al. 1999). Berglundh et al. (1999) in a
study on local and systemic features of
host response in CP before and after
non-surgical periodontal therapy, found
that the elevated numbers of B-1a cells
did not decline after therapy despite the
sufficient clinical signs of healing.

Large amounts of B-1a cells were
detected in the periodontitis lesions of
CP patients in the study by Berglundh
et al. (2002a, b). This observation was in
agreement with earlier findings by Suga-R
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wara et al. (1992) and Aramaki et al.
(1998). They found larger amounts of B-
1a cells in the gingival lesions than in
peripheral blood and suggested that B-
1a cells are activated in periodontitis
lesions. Aramaki et al. (1998) further
reported that IL-10, which is an auto-
crine growth factor for B-1 cells, was
also found in higher levels in gingival
tissues than in peripheral blood. Increas-
ed levels of IL-10 together with large
proportions of B-1a cells was also re-
ported in a study on type 1 diabetics by
Stein et al. (1997). It was suggested
that periodontal pathogens induce a
hyperactive IL-10 response leading to
proliferation of B-1a cells and to auto-
antibody production. The relationship
between autoimmune components in
type 1 diabetics and periodontitis was
also investigated by Sims et al. (2001).
Patients who were sero-negative for
glutamic acid decarboxylase auto-anti-
bodies (GAD Ab) had better outcomes
following non-surgical periodontal ther-
apy than patients that were GAD Ab-
sero-positive.

Hsp60

A recently demonstrated target for auto-
immune reactions in periodontitis is
hsp60. Hsp60 is considered to be highly
immunogenic and has a bacterial homo-
logue, GroEL. Tabeta et al. (2000) in a
study on 23 periodontitis patients and 18
controls reported that there was a higher
frequency of seropositivity to hsp60 in
the periodontitis group than in the control
group. Gingival tissue samples prepared
from 10 of the periodontitis pati-
ents were in 70% of cases also positive
to hsp60. Yamazaki et al. (2004) ana-
lysed antibodies to hsp60 in blood sam-
ples from 21 patients with moderate to
advanced CP before and after perio-
dontal therapy. It was reported that the
hsp60 antibodies remained unchanged
during treatment and the authors sug-
gested that the synthesis of these anti-
bodies is regulated independently during
the course of periodontal infection.

Summary

As in other chronic infectious diseases,
several components related to autoim-
mune reactions also occur in perio-
dontitis lesions and involve specific
cell groups as well as antibodies to
collagen type-1 and other tissue or cell
products. However, the role of auto-
antibodies in the regulation of host

response in periodontitis as in other
chronic infectious diseases needs to be
clarified. There is convincing evidence
that auto-reactive B cells, i.e. B-1a cells,
occur in larger proportions in subjects
with chronic and aggressive forms of
periodontitis than in healthy controls.
Results from one study indicate that
the elevated numbers of B-1a cells
may illustrate a feature of susceptibility
rather than the presence of disease. A
substantial proportion of B cells in
periodontitis lesions are B-1a cells.
The enhanced levels of this cell group
in periodontitis are associated with
increased levels of IL-10, which is con-
sidered to be an autocrine growth factor
for B-1a cells.

Other components, such as hsp60,
may also contribute to activation of
autoimmune reactions in periodontitis
and, in this context, may also represent
a link between periodontal infections
and systemic diseases.

References

Afar, B., Engel, D. & Clark, E. A. (1992)

Activated lymphocyte subsets in adult perio-

dontitis. Journal of Periodontal Research 27,

126–133.

Anusaksathien, O., Singh, G., Matthews, N. &

Dolby, A. E. (1992) Autoimmunity to col-

lagen in adult periodontal disease: immuno-

globulin classes in sera and tissue. Journal of

Periodontal Research 27, 55–61.

Aramaki, M., Nagasawa, T., Koseki, T. &

Ishikawa, I. (1998) Presence of activated

B-1 cells in chronic inflamed gingival tissue.

Journal of Clinical Immunology 18, 421–429.

Berglundh, T., Liljenberg, B. & Lindhe, J.

(1999) Some effects of periodontal therapy

on local and systemic immunological para-

meters. Journal of Clinical Periodontology

26, 91–98.

Berglundh, T., Liljenberg, B. & Lindhe, J.

(2002a) Some cytokine profiles of T-helper

cells in lesions of advanced periodontitis.

Journal of Clinical Periodontology 29,

705–709.

Berglundh, T., Liljenberg, B., Tarkowski, A. &

Lindhe, J. (1998) Local and systemic TCR V

gene expression in advanced periodontal dis-

ease. Journal of Clinical Periodontology 25,

125–133.

Berglundh, T., Liljenberg, B., Tarkowski, A. &

Lindhe, J. (2002b) The presence of local and

circulating autoreactive B cells in patients

with advanced periodontitis. Journal of Clin-

ical Periodontology 29, 281–286.

Berglundh, T., Wellfelt, B., Liljenberg, B. &

Lindhe, J. (2001) Some local and systemic

immunological features of prepubertal perio-

dontitis. Journal of Clinical Periodontology

28, 113–120.

Bickel, M., Axtelius, B., Solioz, C. & Attstrom,

R. (2001) Cytokine gene expression in

chronic periodontitis. Journal of Clinical

Periodontology 28, 840–847.

Brandtzaeg, P. & Kraus, F. W. (1965) Auto-

immunity and periodontal disease. Odontolo-

gisk Tidskrifter 73, 281–393.

Broker, B. M., Korthauer, U., Heppt, P., Wese-

loh, G., de la Camp, R., Kroczek, R. A. &

Emmrich, F. (1993) Biased T cell receptor V

gene usage in rheumatoid arthritis. Oligoclo-

nal expansion of T cells expressing V alpha

2 genes in synovial fluid but not in peripheral

blood. Arthritis and Rheumatism 36,

1234–1243.

Burastero, S. E., Casali, P., Wilder, R. L. &

Notkins, A. L. (1988) Monoreactive high

affinity and polyreactive low affinity

rheumatoid factors are produced by CD51B

cells from patients with rheumatoid arthritis.

Journal of Experimental Medicine 168,

1979–1992.
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